Purpose The aim of this study was to report the findings from enhanced depth imaging (EDI) and swept-source optical coherence tomography (OCT) in a choroidal osteoma. Methods A case study of a patient with choroidal osteoma is presented and discussed. Results A 25-year-old woman presented with an asymptomatic peripapillary mass. Fundus examination revealed a yellow-orange, well-defined geographical lesion. B-scan ultrasonography, corroborated by fundus autofluorescence (FAF) and OCT findings, pointed to the diagnosis of choroidal osteoma. Calcified areas of the tumor were iso-autofluorescent on FAF and hyporeflective on OCT, revealing the morphological patterns of cancellous bone, including a sponge-like pattern and lines indicating lamellae, Haversian canals, and cement lines. Decalcified patches of the tumor were hypofluorescent on FAF and hyperreflective on OCT and showed overlying retinal damage-most prominently depigmentation and retinal pigment epithelium disruptions. A central area of the tumor revealed unusual characteristics; hyperreflectivity on OCT indicating decalcification but
The content of this manuscript has not been published by, or submitted for publication to any other journal. The material of this manuscript was not previously presented at a meeting. isofluorescence on FAF and sharing the same color as the rest of the retina on fundus photography. The area also differed from the other decalcified areas with its cumulus cloud-like appearance. Compared with EDI-OCT, SS-OCT images showed some increased definition of the bony features of the tumor, especially in its deeper layers, as well as a mild reduction of the shadowing caused by overlying retinal vessels. Conclusion The morphological features of a choroidal osteoma are demonstrated using EDI-and SS-OCT. Calcified and decalcified areas of the tumor were differentiated, as well as another area showing unexpected characteristics. In our case, SS-OCT imaging revealed very similar features to EDI-OCT. 
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Introduction
Choroidal osteoma is a rare, benign intraocular tumor comprising mature bone that replaces the choroid [1, 2] , often damaging the overlying retina in the process [3] . It typically occurs in young women, as an orange-yellow calcified plaque with sharp margins in the juxtapapillary or macular region [1] . Despite its benign cytology, choroidal osteoma impedes visual acuity in up to 58% of cases [3] , most commonly due to choroidal neovascularization, subretinal fluid deposition, or photoreceptor atrophy [4] .
In addition to ultrasonography and computer-assisted tomography, optical coherence tomography (OCT) has been used to identify and study choroidal osteomas. Time-domain OCT (TD-OCT), while useful in assessing damage to the overlying retina, has limited ability to assess the choroid [5] [6] [7] . This aspect has been improved upon with spectral-domain OCT (SD-OCT) and further with a modification of the former, enhanced depth imaging OCT (EDI-OCT), allowing for a more detailed analysis of the tumor [8] [9] [10] [11] . The latest generation of OCT, swept-source OCT (SS-OCT) has facilitated even deeper penetration into tissues with less sensitivity roll-off [12] , thereby improving visualization of the choroid.
Case presentation
A 25-year-old Caucasian woman presented with an incidental finding of an asymptomatic peripapillary mass on fundus examination of her right eye.
Upon the first follow-up examination, her visual acuity, intraocular pressure, and anterior segment findings were unremarkable on both eyes. Fundus examination revealed a yellow-orange, well-defined geographic lesion, nasal and inferior to the optic disc, 4-5 disc diameters in size (Fig. 1a) . B-scan ultrasonography showed a highly echogenic lesion with posterior acoustic shadowing. These findings, combined with the suggestive epidemiological factors (young adult, female) prompted the diagnosis of choroidal osteoma. The diagnosis was further corroborated by fundus autofluorescence (FAF) and OCT findings.
The tumor contained both calcified and decalcified areas, the calcified areas being recognized clinically as orange and the decalcified areas as yellow-white [7] . Areas of isofluorescence on FAF corresponded to the calcified areas, while patches of hypofluorescence to decalcification (Fig. 1b) , as previously reported by Navajas [9] .
Further morphological study of the tumor and the adjacent retina was conducted using both EDI-OCT (Spectralis OCT, Heidelberg Engineering, Heidelberg, Germany) and SS-OCT (DRI OCT-1 Model Triton [plus], Topcon, Tokyo, Japan; Fig. 2) .
On EDI-OCT (Fig. 2a,b) , the calcified areas of the tumor appeared hyporeflective with interspersed hyperreflective dots, a speckled or sponge-like pattern, resembling cancellous bone. Within the tumor were numerous lines, some hyporeflective, others hyperreflective, reminiscent of lamellae and vascular channels. The retina lying above the calcified area of the tumor was preserved.
The decalcified areas appeared as regions of higher reflectivity, with a decidedly less homogeneous, less organized interior than the calcified areas. Although generally hyperreflective, there were also large spots of hyporeflectivity within. In addition, compared with the largely even surface of the calcified portion, the decalcified regions had a more undulating profile. The overlying retina showed varying degrees of damage, with depigmentation and disruptions in the retinal pigment epithelium (RPE) as the most prominent feature.
Another central area of hyperreflectivity was seen in the tumor. This area was isofluorescent on FAF and showed no damage to the retina anteriorly (Fig. 1b) . On fundus photographs this area appeared similar in color to the area surrounding the tumor (Fig. 1a) .
On SS-OCT (Fig. 2c) , similar patterns in calcified and decalcified areas were found, but with increased 86 Enhanced depth imaging and swept-source optical coherence tomography findings in choroidal osteoma:. . .
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definition of the tumor's bony features and with slightly less shadowing from overlying retinal vessels.
The patient was followed up for 4 years, during which six sets of OCT images were obtained. Analysis of these images showed no signs of growth, nor did the patient develop any symptoms or complaints.
Discussion
The first mention of choroidal osteoma in the literature was by Gass, who described the clinical characteristics of the tumor: a slightly and irregularly elevated, yellow-white, choroidal tumor with well-defined geographic borders, covered by RPE with diffuse and mottled depigmentation [1] . The description was later expounded upon, the orange, thicker parts of the tumor were recognized as calcified, while the thinner, atrophic yellow-gray parts were identified as decalcified [7] . Furthermore, using FAF, Navajas recognized calcified areas as isofluorescent and decalcified areas as hypofluorescent [9] . These descriptions corresponded well with the tumor in our case, save for one finding. A central area of increased reflectivity did not appear orange or yellow-white on fundus photo (FP), instead sharing the color with the rest of the retina; on FAF it appeared isofluorescent. This leaves some room for interpretation. One possibility is that it represents a decalcified area that has not yet caused any damage to the overlying retina. Another one may be that it is a lone patch of choroid that has yet to be replaced by tumor tissue.
The spongy architecture in the calcified regions of the tumor as well as its Haversian canals, Volkmann canals, and cement lines have all been described in previous articles [9] [10] [11] 13] and-save for Volkmann canals-can also be seen clearly in our case (Fig. 2a,c) .
Decalcification of choroidal osteoma was first described by Trimble et al. [14] and was later classified into two patterns by Navajas [9] : (1) hyperreflectivity with lamellar appearance and (2) heterogeneous, hyperreflective, mound-like irregular areas. The tumor in our case contained calcified areas that corresponded more with the latter description, but in places lamellar elements were faintly visible. Here, it is worth mentioning the other area of high reflectivity found centrally in the tumor, previously described. This area also corresponded with the latter description, but was even more disorganized giving a cumulus cloud-like appearance.
The retinal findings in our case are consistent with the clinical picture. As noted, the patient's visual acuity has been unimpaired since the lesion was first diagnosed, indicating that there is no central retinal damage since the tumor did not affect the macular region. At the site of the tumor, OCT images showed relatively few areas of decalcification and only mild damage to the overlying retina.
In an earlier study of 22 choroidal osteomas [7] , Shields et al. found that in all cases of decalcification there was damage to the overlying retina. In relation to our tumor, this offers room for interpretation in the case of the central hyperreflective area. A likely possibility though, if this is indeed not just a patch of unencumbered choroid, is that this represents an early stage of decalcification, leaving the overlying retina still intact but also leaving the possibility of damage at a later stage. In any case, any decalcification of a choroidal osteoma is still a still a risk factor for longterm visual loss. In a long-term study by Shields et al. [4] , over a 10-year period, 48% of cases with decalcification showed poor visual acuity versus 11% of cases without decalcification. It is worth mentioning that in all cases in which partial decalcification was seen at the first visit, as in our case, there was no further tumor growth. As noted previously, this was also true for our tumor, showing no growth in the 4 years we have followed it up.
Lastly, the SS-OCT images obtained in our case showed an increased definition of the bony features of the tumor, especially in its deeper layers. It should be added here that the tumor in our case was relatively small and that this improvement would perhaps show a greater benefit in a larger tumor. Another favorable feature of the SS-OCT images was a mild reduction of the shadowing caused by overlying retinal vessels compared with the EDI-OCT images. Despite these improvements, however, no new morphological findings were made using this technology. Furthermore, since the clinical significance of this type of tumor is mainly due to the damage it causes anterior to the tumor, the SS-OCT image, at least in our case, was of little value. In conclusion, based on our observations EDI-OCT and SS-OCT show very similar features in a small choroidal osteoma.
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